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Medicinal plants, used for the treatments of various human disorders in traditional medicines 
such as traditional Chinese medicine, Kampo medicine, traditional Korean medicine, Ayurveda, 
and Unani, have been developed over many generations within respective societies. Up to now, 
traditional medicines have been used in approximately 8590% of the world’s population. The 
survey by World Health Organization (WHO) showed that 75% of the population in France, 
30% of the population in Vietnam, and 40% of the population in Indonesia use their traditional 
medicines [1]. In China, 910 million people visit to the hospitals of traditional Chinese medicine, 
while 27 million inpatients are treated by traditional Chinese medicine [2]. Meanwhile, about 
84% of physicians use Kampo medicine in daily practice in Japan [3].  
Among remedies used in above mentioned traditional medicines, medicinal plants have 
occupied an important position for thousands of years, and have been generating huge interest 
among researchers due to their specialized metabolites possessing diverse structures and 
biological activities. With the dramatic development of scientific technologies, a variety of 
chemical entities derived from medicinal plants have been forming the backbone of new 
therapeutic agents (Table 1). Artemisinin is an antimalarial agent discovered from a Chinese 
traditional herbal medicine Artemisia annua by Tu Youyou, a laureate of 2015 Nobel Prize in 
Physiology or Medicine [4,5]. Thus, medicinal plants have been regarded as a significant 
resource for discovering new therapeutic agents and their lead compounds.  
In our continuing search for specialized metabolites from medicinal plants used in various 
parts of the world including Japan, Uzbekistan, Mongolia, and China, we have been studying 
on medicinal plants of Guangxi Zhuang Autonomous Region, China. In this study, chemical 
constituents of five medicinal plants collected at Guangxi (Munronia pinnata, Sarcandra glabra, 
Rhododendron Molle, Phyllanthus urinaria, and Macrosolen cochinchinensis) were 
investigated to give new specialized metabolites, whose chemical structures were assigned on 




Table 1. Medicine plants derived natural products approved for therapeutic agent.  
 
  
Medicinal plants Drugs Chemical Structures Application or effects  
Artemisia annua artemisinin 
 
antimalarial [5] 
Hyoscyamus niger (-)-hyoscyamine 
 
muscarinic antagonist [6] 
Ephedra sinica (-)-ephedrine 
 
adrenoceptor agonist [7] 
Camptotheca acuminata camtothecin 
 
anticancer [8] 
Taxus brevifolia taxol 
 
anticancer [9] 
Papaver somniferum morphine 
 
analgesic [10] 
Cinchona officinalis quinine 
 
 antimalarial [11] 
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Chapter 1 Medicinal plants of Guangxi Zhuang autonomous region, China 
Guangxi Zhuang autonomous region is located at southwest of China, where twelve long-
dwell ethnic minority groups are living. Guangxi has unique natural conditions of karst 
landform (limestone area) under subtropical to tropical climate. More than 8,000 plant species 
including about 800 endemic species are grown in Guangxi [12]. 
Most of ethnic minority groups in China have developed their own traditional medicines 
based on their various experiences of medicinal knowledge from their unique natural conditions 
and customs [13]. Zhuang and Yao are two major minority groups in Guangxi. Their traditional 
medicines, Zhuang and Yao medicines, respectively, possessing over thousand years’ history, 
have been mainly used for the treatments of rheumatism, snakebite, malaria, cold, cancers, and 
skin problems. Approximately 4,000 medicinal plant species are seen in Guangxi, accounting 
for more than one third of Chinese medicinal plant resources. Moreover, around 500 medicinal 
plants have been used as remedial agents in Zhuang medicine, while over 400 ones have been 
used in Yao medicine. These medicinal plants were selected mainly based on local flora, most 
of which were collected from the wild ecosystems [1316]. 
Thus, Guangxi has rich resource of medicinal plants widely used in traditional medicines. 
Although some interesting bioactive natural products have been isolated from medicinal plants 
used in Guangxi, most of them still remain to be investigated for clarifying their biologically 
active constituents. 
 




Chapter 2 Chemical study on Munronia pinnata (Wall.) W. Theob. 
2.1 Introduction 
The genus Munronia (Meliaceae) are perennial herbs widely distributed in China, Sri Lanka, 
India, Indonesia, and the Philippines. Munronia plants are recognized as a rich source of 
limonoids with various carbon skeletons such as vilasinin, havanensin, azadirone, evodulone, 
nimbolinin, and prieurinin type skeletons (Figure 2.2). These limonoids exhibit a wide spectrum 
of biological activities including antiproliferative, antiviral, and antifungal activities [17-24]. 
Munronia pinnata (Wall.) W. Theob. (synonyms: M. henryi Harms, M. pumila Wight, and 
M. sinica Diels) is a small hardy and perennial herb mainly distributed in dry and savannah 
areas in Guangxi (Figure 2.1). This plant has been used as a traditional remedy for the 
treatments of tuberculosis, cough, stomachache, and sores in China. More than fifty limonoids 
with various skeletons such as aphanamixoid, prieurinin, nimbolinin, and evodulone type 
limonoids have been isolated from this species so far (Figure 2.2) [25,26]. In this study, the 
aerial parts of M. pinnata collected at Guangxi were investigated. 
 
 





Figure 2.2. Previously isolated limonoids from Munronia pinnata. 
 
2.2 Extraction and isolation 
The aerial parts of M. pinnata (1.4 kg, dry) collected at Guangxi were air-dried and extracted 
with MeOH in room temperature. The MeOH extract (298 g) was partitioned between EtOAc 
and H2O. Repeated chromatographic separations of the EtOAc-soluble material (116.5 g) gave 





Scheme 1. Isolation procedure for compounds 1–21. 
 
By comparison of spectroscopic data with the literature data, known compounds (Figure 2.3) 
were identified to be three limonoids, munronins C (10) and F (11) [18], and munronoid O (12) 
[27]; two diterpenes, ()-sandaracopimaradiene (13) [28] and methyl-ent-4-epi-agath-18-oate 
(14) [29]; three triterpenes, piscidinol B (15) [30], bourjotinolone A (16) [31], and lanost-7-ene-
3,24,25-triol (17) [32]; four steroids, 2β,3β,4β-trihydroxypregna-16-one (18) [33], 7-oxo-
stigmasterol (19) [34], 5,8-epidioxy-24-methylcholesta-6,22-dien-3-ol (20) [35], and 











2.3 Structure elucidation of new limonoids 
2.3.1 Munropins A (1) and B (2) 
Munropin A (1), obtained as an optically active colorless amorphous solid {[]D21 +82 (c 
0.10, MeOH)}, showed a sodiated molecular ion at m/z 608.2493 ([M+Na]+,  +2.1 mmu) in 
the HRESIMS, suggesting the molecular formula of 1 to be C31H39NO10. The IR spectrum 
displayed absorptions at 1748 and 1689 cm1 due to carbonyl functionalities. The 1H NMR 
spectrum (Figure 2.4 and Table 2.1) showed the resonances due to one trisubstituted olefin, one 
1,1-disubstituted olefin, one 1,2-disubstituted olefin, six sp3 methines, three sp3 methylenes, 
and seven singlet methyls including two acetyl and one methoxy methyls. The 13C NMR 
spectrum exhibited 31 signals including five ester or amide carbonyl, six olefinic, two 
oxygenated tertiary, and two quaternary carbon signals (Table 2.1). 
 
 
Figure 2.4. 1H NMR spectrum of 1 in CDCl3 (500 MHz). 
 
The planar structure of 1 was elucidated by 2D NMR analysis (Figure 2.5). The presence of 































cross-peaks of H-22/H2-23/23-NH and HMBC correlations for H2-23 with C-21 and H-17 with 
C-20, C-21, and C-22. This was supported by an IR absorption at 1689 cm1. The existence of 
an octahydroindene moiety (C-8, C-9, and C-11C-17) with a methyl group at C-13 and an 
exomethylene group at C-8 was indicative of 1H-1H COSY cross-peaks among H-9/H-11/H-12 
and H-15/H2-16/H-17, and HMBC correlations for H-15 with C-14, H3-18 with C-12, C-13, C-
14, and C-17, and H2-30 with C-8, C-9, and C-14. The chemical shifts of C-14 (C 72.1) and 
CH-15 (H 3.87; C 60.0) implied the presence of an epoxy group between C-14 and C-15. In 
the HMBC spectrum, the signals of H-11 and H-12 were correlated with acetoxy carbonyl 
carbons, respectively, suggesting the presence of acetoxy groups at C-11 and C-12. The 
structure of an ,-unsaturated--caprolactone moiety (C-1C-5 and C-10) with three methyl 
groups and one methoxy carbonyl methyl group was also assigned by 2D NMR analysis. The 
degree of unsaturation of 1 supported the presence of the lactone ring. The connectivities among 
-lactam, octahydroindene, and caprolactone moieties were evident from HMBC correlations 
for H-17 with C-20 and H3-19 with C-9. Therefore, the planer structure of 1 was assigned as 
shown in Figure 2.4. 
 
Figure 2.5. Selected 1H-1H COSY and HMBC correlations for 1. 
The relative configuration of 1 was elucidated by analysis of the ROESY spectrum (Figure 
2.6). The -orientations of H-12 and H-17 and the -orientations of H-9, H-11, H-15, and Me-
18 as well as the trans-junction of the octahydroindene ring were deduced by ROESY cross-
peaks of H-12/H-17, H-11/H3-18, H-16/H3-18, H-15/ H-16H-30a/H-9, and H-30b/H-15. In 
addition, the 5R* and 10R* configurations were indicated by ROESY correlations for H-5/H-9, 
H-5/H-30a, and H-2/H-12. Resemblance of 1D NMR data for 1 with those for a known 
prieurianin type limonoid, amooramide A (Figure 2.7) [37], supported the assignment of the 




      
Figure 2.6. Selected NOESY correlations and relative stereochemistry for munropin A (1) 













Figure 2.7. Structure of amooramide A. 
 
The molecular formula of munropin B (2) was assigned to be C33H43NO11 by the HRESIMS 
(m/z 652.2722 [M+Na]+, mmuThe 1D NMR spectra of 2 (Table 2.1 and Figure 2.8) 
were similar to those of 1, except for the resonances assignable to a nitrogen-bearing 
hydroxyethyl group [H 3.53 (H2-1') and 3.73 (H2-2'); C 46.3 (C-1') and 61.4 (C-2')] in 2. 
HMBC correlations for H2-1' to C-21 and C-23 revealed the connectivity between CH2-1' and 
nitrogen atom of the -unsaturated -lactam ring (Figure 2.9). Accordingly, the structure of 






Table 2.1 1H and 13C NMR data for munropins A (1) and B (2) in CDCl3. 
Position 1 2 
C H (J in Hz) C H (J in Hz) 
1 148.4 6.89 (d, 12.5) 148.6 6.88 (d, 12.0) 
2 122.4 6.31 (d, 12.5) 122.2 6.27 (d, 12.0) 
3 166.9  167.1 
4 83.7  83.8 
5 50.8 3.32 (d, 8.9) 50.1 3.30 (d, 9.3) 
6 35.5 2.28, 2.13 (each, m) 35.0 2.26, 2.19 (each, m) 
7 173.7  173.7 
8 137.7  136.6 
9 53.4 3.05 (d, 7.1) 53.4 3.03 (d, 7.0) 
10 46.7  46.3  
11 71.5 5.55 (dd, 10.5, 7.1) 71.5 5.54 (dd, 11.2, 7.0) 
12 74.5 5.78 (d, 10.5) 74.6 5.76 (d, 11.2) 
13 45.6  45.6 
14 72.7  71.2 
15 60.0 3.87 (brs) 60.0 3.86 (brs) 
16 31.0 2.22, 2.11 (each, m) 30.8 2.25, 2.14 (each, m) 
17 38.7 2.97 (dd, 10.6, 7.4) 39.1 2.94 (dd, 11.3, 7.4) 
18 13.6 0.94 (3H, s) 13.5 0.92 (3H, s) 
19 22.8 0.97 (3H, s) 22.8 0.96 (3H, s) 
20 136.9  137.1 
21 174.5  172.0 
22 141.7 6.75 (brs) 139.3 6.68 (brs) 
23 46.3 3.89 (2H, brs) 52.4 3.95 (2H, brs) 
28 30.3 1.28 (3H, s) 30.3 1.26 (3H, s) 
29 22.8 1.54 (3H, s) 22.4 1.52 (3H, s) 
30 121.2 5.33, 5.20 (each, brs) 121.3 5.33, 5.19 (each, brs) 
7-OMe 52.5 3.69 (3H, s) 52.5 3.68 (3H, s) 
11-OAc 170.6  170.6   
20.7 1.80 (3H, s) 20.7 1.79 (3H, s) 
12-OAc 169.4  169.6   
20.5 2.09 (3H, s) 20.4 2.09 (3H, s) 
1' 
  
46.3 3.53 (2H, m) 
2' 
  
61.4 3.73 (2H, m) 






Figure 2.8. 1H NMR spectrum of 2 in CDCl3 (500 MHz). 
 
 








The absolute configurations of munropins A (1) and B (2) were assigned as follows. The 
TDDFT {CAM-B3LYP/6-31G+(d)} calculation of a possible enantiomer 
(5R,9R,10R,11R,12R,13R,14S,15R,17R) of 1 gave a calculated ECD spectrum, which 
corresponded to the experimental spectrum of 1 (Figure 2.10 A), suggesting the 5R, 9R, 10R, 
11R, 12R, 13R, 14S, 15R, and 17R configurations of munropin A (1). The experimental ECD 
spectrum of munropin B (2) was similar to that of 1 (Figure 2.10 B), suggesting that they had 
the same absolute configuration. Thus, the structures of munropins A (1) and B (2) were 










































Figure 2.10. (A) Experimental and calculated ECD spectra of munropin A (1); (B) experimental 








2.3.2 Munropins C (3) and D (4) 
 Munropins C (3) and D (4) were obtained as optically active colorless amorphous solids 
{[]D21 +135.0 (c 0.10, MeOH) for 3; []D21 +79.0 (c 0.1, MeOH) for 4}. The HRESIMS 
revealed that 3 and 4 had the molecular formulae of C31H38O11 and C29H38O10 (m/z 609.2285 
[M+Na]+,  2.7 mmu for 3; m/z 569.2340 [M+Na]+,  2.3 mmu for 4), respectively. The 1H 
and 13C NMR spectra of 3 and 4 (Figures 2.11 and 2.12 and Table 2.2) also resembled with 
those of 1, except for the signals due to the substituents at C-17. The substituent at C-17 of 3 
was assigned as an ,-unsaturated -lactone by HMBC correlations for H2-23 with C-21 and 
C-20, and H-22 with C-17, while that of 4 was elucidated to be an acetyl group by HMBC 
cross-peaks of H3-21 to C-17 and C-20.  
 






Figure 2.12. 1H NMR spectrum of munropin D (4) in CD3OD (500 MHz). 
 
The relative configurations of munropins C (3) and D (4) were implied being the same as 
that of 1 by comparison of their 1D NMR data. ROESY cross-peaks of H-12/H-17, H-11/H3-
18, H3-19/H3-29, H-5/H-9 H-30a/H-9, H-30b/H-15, and H-12/H-17 observed both 3 and 4, 
which were also seen in 1, supported this assignment. The ECD spectra of 3 and 4 were 
calculated by TDDFT {CAM-B3LYP/6-31G+(d)} method. Comparison of the experimental 
ECD spectra of 3 and 4 with the calculated spectra suggested the absolute configurations of 3 










Table 2.2 1H and 13C NMR data for munropins C–E (3–5) in CD3OD. 
Position 
3 4 5 
C H (J in Hz) C H (J in Hz) C H (J in Hz) 
1 151.4 7.02 (d, 12.9) 151.9 7.01 (d, 12.7) 153.2 7.04 (d, 12.8) 
2 122.6 6.20 (d, 12.9) 122.3 6.09 (d, 12.7) 121.5 6.08 (d, 12.8) 
3 169.2  169.3  170.2 
4 85.9  86.1  86.5 
5 51.2 3.43 (d, 9.6) 51.1 3.43 (d, 9.3) 51.1 3.42 (d, 9.2) 
6 35.5 2.49, 2.33 (each, m) 35.4 2.49, 2.32 (each, m) 35.5 2.49, 2.30 (each, m) 
7 175.7  175.6  175.5 
8 137.5  136.8  137.6 
9 54.5 3.14 (d, 7.6) 54.0 3.62 (d, 7.1) 54.3 3.08 (d, 7.6) 
10 47.6  47.6  47.6  
11 73.2 5.56 (dd, 10.6, 7.6) 72.2 5.64 (dd, 10.2, 7.1) 75.4 5.42 (dd, 10.3, 7.6) 
12 76.2 5.72 (d, 10.6) 76.0 6.09 (d, 10.2) 74.8 4.35 (d, 10.3) 
13 46.6  47.1  47.6 
14 72.3  72.1  72.4 
15 61.0 4.02 (brs) 60.6 3.99 (brs) 61.1 3.94 (brs) 
16 32.7 2.18, 2.13 (each, m) 31.1 2.37, 2.32 (each, m) 30.2 2.21, 2.06 (each, m) 
17 39.2 2.79 (dd, 11.2, 7.1) 54.9 2.87 (dd, 10.6, 7.2) 51.2 2.88 (dd, 9.6, 6.8) 
18 13.7 0.94 (3H, s) 12.9 0.98 (3H, s) 12.3 0.78 (3H, s) 
19 23.2 1.04 (3H, s) 23.1 1.02 (3H, s) 23.2 0.99 (3H, s) 
20 132.1  209.8  205.7  
21 175.5  30.7 2.03 (3H, s) 70.5 5.25, 4.76 (each, m) 
22 151.3 7.46 (3H, s)     
23 71.9 4.85 (2H, m)     
28 30.6 1.28 (3H, s) 30.6 1.28 (3H, s) 30.6 1.30 (3H, s) 
29 22.7 1.57 (3H, s) 22.6 1.56 (3H, s) 22.6 1.57 (3H, s) 
30 122.6 5.47, 5.44 (each, brs) 123.4 5.45, 5.44 (each, brs) 122.8 5.26, 5.23 (each, brs) 
7-OMe 52.7 3.68 (3H, s) 52.6 3.69 (3H, s) 52.6 3.69 (3H, s) 
11-OAc 171.7  172.1  172.2  
 20.8 1.79 (3H, s) 20.9 1.95 (3H, s) 21.0 2.08 (3H, s) 
12-OAc 171.1  171.4    
 20.7 2.04 (3H, s) 20.6 2.08 (3H, s)   
21-OAc     172.1  


























         
Figure 2.13. Experimental and calculated ECD spectra of munropins C (3) and D (4). 
 
2.3.3 Munropin E (5) 
 HRESIMS analysis of munropin E (5) indicated the molecular formula to be C29H38O11 (m/z 
585.2314 [M+Na]+,0.2 mmu). Interpretation of the 1D NMR spectra (Figure 2.14 and Table 
2.2) implied that 5 was also a prieurianin type limonoid similar to 4, whereas the signals due to 
an oxymethylene (CH2-21: H 5.25 and 4.76; C 70.5) were observed in 5 in place of the signals 
of one acetyl group in 4. The oxymethylene protons (H2-21) showed HMBC correlations with 
C-17, C-20, and one acetoxy carbonyl carbon, suggesting the existence of an acetoxy acetyl 
group at C-17 in 5. The resonance due to H-12 of 5 (H 4.35) was up-field shifted as compared 
with that of 4 (H 6.09), implying that 5 has a hydroxy group at C-12 in place of the acetoxy 
group in 4. Therefore, the structure of munropin E (5) was concluded as shown in Figure 2.14. 
Analysis of the ROESY spectrum of munropin E (5) suggested that its relative configuration 
was the same as 4. Resemblance of the experimental and TDDFT calculated ECD spectra of 5 






Figure 2.14. 1H NMR spectrum of munropin E (5) in CD3OD (500 MHz).  
 



















Figure 2.15. Experimental and calculated ECD spectra of munropin E (5). 
 
2.3.4 Munropin G (6)  
The HRESIMS showed the molecular formula of munropin G (6) to be C33H46O14 {m/z 
689.2756 [M+Na]+, 0.9 mmu}. Detailed analyses of the 1D and 2D NMR spectra (Figures 2.16 
and 2.17 and Table 2.3) revealed that the structure of 6 was similar to 3, except for the 





C-21, and 23-OMe with C-23, together with a COSY correlation of H-22 with H-23 allowed 
the establishment of the substituent to be 3,4-dihydroxy-2,5-dimethoxytetrahydrofuran (Figure 
2.17). The chemical shifts of C-20 (C 81.3), C-21 (C 110.5), C-22 (C 79.3), and C-23 (C 
110.7) further support this analysis. Thus, the planar structure of 6 was assigned as depicted at 
Figure 2.16.  
 
Figure 2.16. 1H NMR spectrum of munropin G (6) in CD3OD (500 MHz). 
 
  





Table 2.3 1H and 13C NMR data for munropin G (6) in CD3OD. 
Position 
6 
C H (J in Hz) 
1 151.9 7.05 (d, 13.1) 
2 122.5 6.11 (d, 13.1) 
3 169.3 - 
4 86.1 - 
5 51.2 3.39 (d, 8.3) 
6 35.5 2.30, 2.48 (each, brs) 
7 175.7 - 
8 137.7 - 
9 54.3 3.08 (d, 6.7) 
10 47.6 - 
11 73.3 5.61 (dd, 10.6, 6.7) 
12 76.4 5.64 (d, 10.6) 
13 46.9 - 
14 72.7 - 
15 60.7 3.87 (brs) 
16 29.8 2.22 (2H, m) 
17 47.8 2.08, 1.99 (dd, 13.1, 6.8) 
18 13.9 1.11 (3H, s) 
19 23.0 1.02 (3H, s) 
20 81.3 - 
21 110.5 4.70 (1H, s) 
22 79.3 3.89 (d, 4.1) 
23 110.7 4.76 (d, 4.1) 
28 22.6 1.56 (3H, s) 
29 30.6 1.28 (3H, s) 
30 122.3 5.40 (2H, brs) 
OMe-7 54.2 3.29 (3H, s) 
OMe-21 56.6 3.40 (3H, s) 
OMe-23 52.8 3.69 (3H, s) 
OAc-11 172.2 - 
 21.3 1.94 (3H, s) 
OAc-12 171.7 - 
 20.7 2.05 (3H, s) 
 
The ROESY spectrum of 6 indicated that the relative configurations of C-5, C-9, C-10, C-11, 
C-12, C-13, C-14, C-15 and C-17 were the same as those of 3 (Figure 2.19). ROESY cross-
21 
 
peaks of H-17/H-22 and H-22/H-23 suggested that H-17, H-22, and H-23 were oriented to the 
 face. The  orientation of H-21 was elucidated from a ROESY cross-peak of H-21/H3-18. 
The 1H and 13C chemical shifts of the 3,4-dihydroxy-2,3-dimethoxy-tetrahydrofuran moiety at 
C-17 in 6 were similar to those of toonasinemine L (Figure 2.18) [38], indicating that relative 
configurations of the moiety were the same. Munropin G (6) showed Cotton effects similar to 












Figure 2.18. Structure of toonasinemine L 






























Figure 2.19. Selected NOESY correlations and relative stereochemistry for munropin G (6) 



































2.3.5 Munropins H (7) and I (8) 
Munropins H (7) and I (8) were obtained as optically active colorless amorphous solids 
{[]D21 148 (c 0.10, MeOH) for 7, []D21 127 (c 0.10, MeOH) for 8}. The HRESIMS 
revealed that they had the same molecular formula of C36H46O15 (m/z 741.2734 [M+Na]+,  
3.1 mmu for 7; m/z 741.2724 [M+Na]+,  1.0 mmu for 8). Analyses of the 1D and 2D NMR 
spectra of 7 and 8 implied that they were prieurianin type limonoids similar to 3 with a 
formyloxy group at C-11 and an acetoxy group at C-29 (Figure 2.2022 and Table 2.4). HMBC 
correlations (Figure 2.22) of H-12 with C-1' and H-2' with C-1', C-3', C-4', and C-6', and COSY 
correlations among H-2'/H-3'/H2-4'/H3-5'/H3-6' allowed the presence of a-methyl-2-hydroxy 
pentanoate (C-1'C-6') at C-12. The observations of some duplicated signals in the 1D NMR 
spectra of 7 (H-4'; C-23) and 8 (H-6, H-12, H-2122, H-2'; C-3, C-6, C-12, C-2122, C-6') 
(Table 2.4) indicated that they were two inseparable mixture of epimers. The existence of an -
substituted -hydroxy ,-unsaturated -lactone moiety at C-17 in 7 was revealed by HMBC 
correlations of H-17 with C-20 and H-22 with C-20, C-21, and C-23, while a -substituted -
hydroxy ,-unsaturated -lactone moiety at C-17 in 8 was determined by correlations of H-22 
with C-20, C-21, and C-23, with COSY correlation of H-22 with H-23. Thus, the planar 
structures of 7 and 8 were assigned as shown at Figures 2.20 and 21. 
 















































































































Table 2.4 1H and 13C NMR data for munropins HI (7–8) in CD3OD. 
Position  
7 8 
C H (J in Hz) C H (J in Hz) 
1 150.1 6.99 (d, 10.4) 150.0 6.98 (d, 10.7) 
2 123.4 6.23 (d, 10.4) 123.4 6.22 (d, 10.7) 
3 168.4 - 168.7/168.4 - 
4 86.2 - 86.3/86.2 - 
5 51.7 3.45 (m) 51.6 3.47 (m) 
6 35.3 2.52 (2H, m) 35.2/35.2 2.51/ 2.47 (each, m) 
7 175.4 - 174.5 - 
8 136.8 - 136.5 - 
9 54.3 3.20 (d, 7.2) 54.0 3.21 (dd, 7.0, 2.1) 
10 47.3 - 47.2 - 
11 71.6 5.74 (dd, 10.6, 7.2) 71.4 5.78 (dd, 10.6, 7.0) 
12 76.2 5.89 (d, 10.6) 75.9/76.1 5.92 (d, 11.2)/5.87 (d, 12.1) 
13 47.4 - 47.3 - 
14 72.1 - 72.1 - 
15 61.1 4.05 (brs) 61.0 4.07 (brs) 
16 32.4 2.23, 2.15 (each, m) 32.6 2.04, 2.35 (each, m) 
17 39.3 2.87 (br) 41.3 2.79 (dd, 10.3, 6.8) 
18 13.5 1.08 (3H, s) 13.6 1.15 (3H, s) 
19 24.3 1.16 (3H, s) 24.4 1.04 (3H, s) 
20 134.6 - 169.3 - 
21 173.4 - 101.8/101.0 5.99/5.86 (s) 
22 149.5 7.04 (brs) 121.0/119.7 6.07/5.93 (brs) 
23 98.5/98.3 6.02 (brs) 172.2 - 
28 24.7 1.33 (3H, s) 24.7 1.35 (3H, s) 
29 64.4 5.01, 4.21, (each, d, 11.6) 64.4 5.01, 4.21 (each, d, 12.6) 
30 123.7 5.52, 5.50 (each, brs) 123.4 5.53, 5.52 (each, brs) 
OMe-7 52.8 3.71 (3H, s) 52.8 3.70 (3H, s) 
OAc-28 20.5 2.06 (3H, s) 20.5 2.08 (3H, s) 
 172.0 - 171.2 - 
OCHO-11 161.6 8.06 (1H, s) 161.5 8.07 (1H, s) 
1' 174.5 - 173.1 - 
2' 76.4 3.80 (dd, 6.8, 3.8) 76.6 3.84/3.77 (d, 4.3) 
3' 39.2 1.58 (m) 39.3 1.61 (m) 
4' 24.1 1.28/1.16 (m) 24.0 1.17 (m) 
5' 15.8 0.84 (3H, t, 8.3) 15.6 0.88 (3H, t, 6.9) 




Detailed analyses of the NOESY spectra indicated that the relative configurations of the 
limonoid core of 7 and 8 were the same as 3, which were further supported by the resemblance 
of their 1D NMR spectra. The relative configurations of the -methyl-2-hydroxy-pentanoyl 
groups of 7 and 8 remain to be assigned.  
Positive Cotton effects around at 200 nm to 250 nm seen in the experimental ECD spectra of 
7 and 8 (Figure 2.23) were similar to those of 16, which indicated that their absolute 

































































2.3.6 Munropin F (9) 
Munropin F (9) was obtained as an optically active colorless amorphous solid {[]D21 27 (c 
0.10, MeOH)}. The molecular formula of 9 was elucidated to be C33H44O11 by the HRESIMS 
{m/z 639.2766 [M+Na]+ ( 1.5 mmu)}. Analysis of the 1D and 2D NMR spectra of 9 (Figure 
2.24 and Table 2.5) indicated that 9 was a nimbolinin type limonoid similar to munronin K 
(Figure 25) [18], but had different substituents at C-12 and C-17. In addition, the observation 
of some duplicated signals (H-21, H-22; C-14, 15, C-2123) in the 1D NMR spectra of 9 
implied the existence of an equilibrium mixture of epimers. HMBC analysis for the correlations 
involving these duplicated signals revealed the presence of a -hydroxy-,-unsaturated -
lactone moiety (C-21–C-23) at C-17, which underpinned the existence of an equilibrium 
mixture due to C-21 epimers. In contrast, C-12 was assigned as a hemiacetal carbon by a 1H-
1H COSY cross-peek of H-11/H-12 and an HMBC correlation for H-15 with C-12 taking the 
chemical shifts of CH-12 (H 4.57; C 95.4) and the molecular formula of 9 into consideration. 
Thus, the gross structure of 9 was assigned as depicted in Figure 2.24. 
 





Table 2.5 1H and 13C NMR data for munropin F (9) in CD3OD 
Position 9 
C H (J in Hz) 
1 73.4 4.79 (m) 
2 28.6 2.37, 2.13 (each, m) 
3 73.3 4.87a 
4 43.9  
5 40.0 2.87 (d, 12.8) 
6 75.3 4.15 (d, 12.8) 
7 72.0 4.76 (d, 8.3) 
8 51.0  
9 36.7 2.74 (d, 8.3) 
10 41.9  
11 30.5 1.79, 1.57 (each, m) 
12 95.4 4.57 (dd, 10.3, 4.6) 
13 133.6  
14 146.9/146.2  
15 76.2/76.3 5.18 (t, 8.2) 
16 36.5 2.09, 2.01 (each, m) 
17 48.5 3.53 (t, 10.8) 
18 16.8 1.91 (3H, s) 
19 17.0 1.02 (3H, s) 
20 174.2  
21 101.5/100.3 6.04/5.99 (s) 
22 118.1/117.9 5.71/6.68 (s) 
23 173.4/173.3  
28 78.8 3.66, 3.52 (each, m) 
29 19.5 1.21 (3H, s) 
30 21.2 1.27 /1.24 (3H, s) 
3-OAc 172.3  
 
21.0 1.93 (3H, s) 
1' 168.3  
2' 129.9  
3' 139.8 7.02 (m) 
4' 14.5 1.81 (3H, d, 6.5) 
5' 12.2 1.88 (3H, s) 





Figure 2.25. Structure of munronin K. 
 
Figure 2.26. Selected 1H-1H COSY and HMBC correlations for munropin F (9). 
NOESY correlations for H-6/H3-19, H-6/H3-29, and H3-19/H3-30 revealed the axial 
orientations of H-6, Me-19, Me-29, and Me-30 as well as the trans-junction of the decaline ring 
(C-1C-10) (Figure 2.27). A NOESY correlation for H-5/H-9 suggested the -orientations of 
H-5 and H-9, and supported the trans-decaline junction. The H-12, H-15, and H-17 
orientations were indicated by NOESY correlations for H-9/H-12, and H-15/H3-30. NOESY 
cross-peaks of H-1/H3-19, H-1/H2-2, H-3/H2-2, H-3/H3-29, and H-7/H3-30 suggested the -
orientations of oxygen functionalities at C-1, C-3, and C-7. Consequently, the relative 
configuration of munropin F (9) was elucidated as shown in Chart 1. The absolute configuration 
of 9 remains to be assigned. 
 




























Figure 2.27. Selected NOESY correlations and relative stereochemistry for munropin F (9) 





2.4 Bioassy  
Munropins AF (15 and 9), munronin C (10), and munronoid O (12) were evaluated for 
their antiproliferative activity against human cancer cell lines (Hela and A549), showing that 
no limonoids exhibited cytotoxicity at 100 M.   
 
2.5 Summary 
The aerial parts of a Guangxi medicinal plant, M. pinnata were investigated to give nine new 
limonoids (1–9), together with 12 known compounds. On the basis of spectroscopic analysis 
and ECD calculations, the structures of munropins A (1) and B (2) were assigned to be 
prieurianin type limonoids with -lactam moieties at C-17. Munropins CE (35) and 
munropins GI (68) are limonoids possessing a prieurianin skeleton with either ,-
unsaturated -lactone, acetyl, acetoxyacetyl, 3,4-dihydroxy-2,5-dimethoxytetrahydrofuran, -
substituted -hydroxy ,-unsaturated -lactone, and -substituted -hydroxy ,-unsaturated 
-lactone moieties at C-17, respectively. Munropin F (9) was assigned as a nimbolinin type 
limonoid. Munropins A (1) and B (2) are rare natural products with lactam moieties. 
 
 
Chart 1. Structures of munropins AF (1, and 9) and GI (68). 
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Chapter 3 Chemical study on Sarcandra glabra (Thunb.) Nakai 
3.1 Introduction 
The family Chloranthaceae consisting of four genera, Ascarina, Chloranthus, Hedyosmum, 
and Sarcandra, includes around 70 species. Previous phytochemical studies on the 
Chloranthaceous plants led to the isolation of various specialized metabolites such as flavonoids, 
sesquiterpenes, sesquiterpene oligomers, diterpenes, triterpenes, and phenylpropanoids [39, 40].  
Sarcandra glabra (Thunb.) Nakai (Figure 3.1) is an evergreen shrub widely distributed in 
south Asia. In Japan, this plant is cultivated as an ornamental [41]. S. glabra exhibited various 
activities such as antibacterial, antiinflammatory, and antitumor activities, and has been used as 
a traditional herbal medicine for the treatments of bone fracture, arthritis, and cancer in China 
[42-45]. Up to now, phytochemical studies on this plant have revealed coumarins, 
sesquiterpenes, flavonoids, triterpene saponins, and phenolic acids to be its constituents [44-
46]. Among others, lindenane type sesquiterpenes and their dimers (Figure 3.2) are known as 
characteristic specialized metabolites of this plant, which have attracted considerable interest 
due to their diverse structures and interesting biological activities [47,48]. As a part of our study 
on medicinal plants of Guangxi, specialized metabolites of the aerial parts of Sarcandra glabra 
(Thunb.) Nakai were investigated.  
 
 




Figure 3.2. Previously isolated sesquiterpenes from Sarcandra glabra. 
 
3.2 Extraction and isolation 
The air-dried aerial parts of S. glabra (3.1 kg) collected at Guangxi were extracted with 
MeOH in room temperature. The concentrated extract (304.1 g) was then partitioned with H2O 
and EtOAc. The EtOAc-soluble materials (93.3 g) were subjected to column chromatographies 
repeatedly to give fractions containing terpenoids. The fractions were further purified by ODS 
HPLC to furnish three new terpenes, sarcaglabrins AC (2224), together with 22 known 




Scheme 2. Isolation procedure for compounds 22–46. 
 
The structures of known compounds 25–46 were identified as sarglaperoxide A (25) [49], 
chloranthalactones A (26) and B (27) [50], chloranthalactone A photodimer (28) [51], 
chlorajapolide F (29) [52], 8-epi-chlorajapolide F (30) [52], chloranthalactone E (31) [53], 
chloranthalactone C (32) [54], shizukanolide H (33) [55], shizukaols C (34) and D (35) [56], 
chlorahololide D (36) [57], multistalide B (37) [58], shizukaol G (38) [59], sarglabolides B (39), 
C (40), and E (41) [46], spicachlorantin E (42) [60], henriol B (43) [61], chloramultiol D (44) 
[62], sarcandrolide F (45) [46], and chloramultilide A (46) [63] by comparison of their 









3.3 Structure elucidation of new terpenes 
3.3.1 Sarcaglabrin A (22) 
Sarcaglabrin A (22) was obtained as an optically active colorless amorphous solid {[]D24 
25 (c 0.10, MeOH)}. The molecular formula of 22 was determined to be C25H32O2 by the 
HREIMS {m/z 403.2028 ([M+K]+,  1.1 mmu)}. The IR spectrum displayed an absorption at 
1749 cm1 due to carbonyl functionality. The 1H NMR spectrum (Figure 3.4 and Table 3.1) 
showed the resonances due to two trisubstituted olefins, one 1,1-disubstituted olefin, five sp3 
methines, four sp3 methylenes, and five methyls. The 13C NMR spectrum exhibited 25 signals 
including one ester carbonyl, eight olefinic, one oxygenated tertiary, and one quaternary carbon 
signals. The characteristic upfield-shifted chemical shifts of H2-2 (δH 0.81 and 0.71) implied 
the existence of a cyclopropane ring. The presence of a lindenane sesquiterpene moiety (C-
1C-15) in 22 was revealed by 1H-1H COSY cross-peaks of H-1/H2-2/H-3 and H-5/H2-6, along 
with HMBC correlations for H-5 and H-9 with C-7; H3-14 with C-1, C-5, C-9, and C-10; H3-
13 with C-7, C-11, and C-12; and H2-15 with C-3, C-4, and C-5 (Figure 3.5). The structure of 
a monoterpene moiety (C-16C-25) was suggested by 1H-1H COSY cross-peaks of H-16/H-17 
and H-19/H2-20/H-21 as well as HMBC correlations for H3-25 with C-17, C-18, and C-19, and 
H3-23 with C-21, C-22, and C-24. The connectivity among the sesquiterpene and monoterpene 
moieties forming a cyclohexene ring (C-8, C-9, and C-16C-19) was evident from a 1H-1H 
COSY correlation of H-9/H2-16 and an HMBC correlation for H-9 with C-19. Therefore, the 
planar structure of 22 was assigned as shown in Figure 3.4. 
 
Figure 3.4. 1H NMR spectrum for sarcaglabrin A (22) in CDCl3. 
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Table 3.1 1H and 13C NMR data for sarcaglabrin A (22) in CDCl3. 
Position 
22 
C H (J in Hz) 
1 24.6 2.01 (m) 
2 16.3 0.81, 0.71 (each, m) 
3 24.2 1.68 (m) 
4 152.8 - 
5 54.6 3.15 (ddd, 12.0, 9.1, 3.5) 
6 28.7 2.34, 2.00 (each, m) 
7 166.2 - 
8 95.2 - 
9 50.0 2.32 (brs) 
10 42.3 - 
11 125.1 - 
12 173.5 - 
13 9.1 1.83 (3H, s) 
14 22.1 0.56 (3H, s) 
15 126.3 5.04, 4.77 (each, brs) 
16 23.9 2.02 (2H, brs) 
17 120.6 5.75 (d, 7.6) 
18 141.6 - 
19 57.1 1.81 (d, 3.7) 
20 25.6 2.58, 2.40 (each, ddd, 17.7, 6.8, 1.7) 
21 134.6 5.06 (dd, 9.3, 6.8) 
22 122.4 - 
23 17.9 1.56 (3H, s) 
24 25.8 1.69 (3H, s) 
25 24.5 1.79 (3H, s) 
 
The relative configuration of 22 was elucidated by analysis of the NOESY spectrum (Figure 
3.6). The -orientations of CH2-2, H-6, H-9, and Me-14 were arbitrarily assigned by NOESY 
cross-peaks of H3-14/H-2, H3-14/H-6 and H3-14/H-9, while the -orientations of H-1, H-3, 
and H-5 were elucidated by NOESY correlations for H-1/H-3, H-1/H2-16, H-3/H-5, and H-5/H-
16. In addition, the 8R* and 19S* configurations were assigned by correlations for H2-20/H-
6and H-5/H-20a. Thus, the relative configuration of sarcaglabrin A (22) was elucidated as 
































Figure 3.5. Selected 1H-1H COSY and HMBC correlations of sarcaglabrin A (22). 
 
 
Figure 3.6. Selected NOESY correlations and relative stereochemistry for sarcaglabrin A (22) 
(protons of methyl groups and substituents at C-20 are omitted). 
 
The CD spectrum of 22 measured in methanol exhibited positive Cotton effects at 256 and 
202 nm, and a negative Cotton effect at 228 nm. The TDDFT {CAM-B3LYP/6-31G+(d)} 
calculated ECD spectrum of a (1R,3S,5S,8R,9S,10S,19S) enantiomer of 22 was in good 
agreement with the experimental spectrum (Figure 3.7), suggesting the 1R, 3S, 5S, 8R, 9S, 10S, 
and 19S configurations of sarcaglabrin A (22).  
 
     







3.3.2 Sarcaglabrin B (23) 
Sarcaglabrin B (23) was obtained as an optically active white amorphous powder {[]D24 
 (c 0.10, MeOH)}. The HRESIMS revealed that 23 had the molecular formula of C38H44O12 
{m/z 715.2721 ([M+Na]+, 0.9 mmu)}. The IR spectrum displayed absorptions at 3414 and 
1752 cm1 due to hydroxy and carbonyl functionalities, respectively. The 1H NMR spectrum of 
23 (Figure 3.8 and Table 3.2) showed the presence of one trisubstituted olefin, one 1,1-
disubstituted olefin, eight sp3 methines, six sp3 methylenes, and six singlet methyls including 
one acetyl and one methoxy methyls. In addition, the 13C NMR spectrum (Table 3.2) showed 
38 carbon resonances, which were categorized into five carbonyl, eight olefinic, three 
oxygenated tertiary, two quaternary carbons, eight sp3 methines, six sp3 methylenes, and six 
methyls. Although these 1D NMR data were similar to a dimer of lindenane sesquiterpene, 
multistalide A (Figure 3.9) [58], the additional resonances due to a tigloyl group (C-1''C-5'') 
were observed in 23. In addition, the chemical shifts of H2-13' (H 4.70, 4.44) of 23 were down- 
field shifted as compared with those of multistalide A. In the HMBC spectrum of 23 (Figure 
3.10), H2-13' and H2-15' were correlated with the carbonyl carbons of the acetyl and tigloyl 
groups, respectively. These observations clearly revealed that 23 had the acetyl group at C-13' 
and the tigloyl group at C-15' in place of acetyl group in multistalide A. Therefore, the gross 
structure of 23 was concluded as shown in Figure 3.9. 
 
 




Figure 3.9. Structure of multistalide A. 
 
 
Figure 3.10. Selected 1H-1H COSY and HMBC correlations of sarcaglabrin B (23). 
 
The stereochemistry of 23 was determined as follows. The relative configuration of 23 was 
deduced to be the same as multistalide A by detailed analysis of the NOESY spectrum (Figure 
3.11). Key cross-peaks of H-1/H-3, H-1/H-9, H-3/H-15, H-15/H-1', H-3'/H-1', H-1'/H-5', H-
7/H-5', H-5'/H2-15', and H-3'/H2-15' implied that they were cofacial and arbitrarily assigned as 
-oriented. NOESY correlations of H3-14/H-2, H3-14/H-13a, H3-14'/H-9', H-6'/H3-14', and 
H-2'/H-14' suggested that they were -oriented. The CD spectrum of 23 was similar to that of 
multistalide A [58]. In addition, the TDDFT {CAM-B3LYP/6-31G+(d)} calculated ECD 
spectrum for a (1R,3S,4S,7R,9R,10S,1'R,3'S,4'S,5'S,8'S,9'S,10'S) enantiomer of 23 was in good 
agreement with the experimental spectrum of 23 (Figure 3.12). Accordingly, the absolute 





Table 3.2 1H and 13C NMR data for sarcaglabrins B (23) and C (24) in CDCl3. 
Position 
23 24 
C H (J in Hz) C H (J in Hz) 
1 26.6 1.99 (m) 29.2 1.93 (m) 
2 10.1 1.23, 0.93 (each, m) 9.7 1.13, 0.92 (each, m) 
3 30.8 1.83 (m) 29.7 1.67 (m) 
4 79.4 - 77.4 - 
5 160.9 - 164.7 - 
6 124.6 - 122.5 - 
7 49.1 4.05 (1H, s) 151.5 - 
8 208.0 - 105.2 - 
9 80.2 4.27 (brs) 75.4 3.81 (1H, s) 
10 49.1 - 49.9 - 
11 136.3 - 125.1 - 
12 166.7 - 170.9 - 
13 126.6 6.18, 5.32 (each, s) 10.6 1.59 (3H, s) 
14 20.5 0.93 (3H, s) 14.1 0.80 (3H, s) 
15 40.8 2.71, 1.78 (each, dd, 13.7, 7.2) 40.2 2.68, 1.68 (each, dd, 14.1, 6.9) 
1' 26.6 1.65 (m) 26.6 1.56 (m) 
2' 10.3 1.23, 0.65 (each, m) 9.7 1.12, 0.92 (each, m) 
3' 29.5 1.66 (m) 29.8 1.80 (m) 
4' 78.3 - 77.6 - 
5' 54.1 2.06 (dd, 12.8, 6.5) 53.5 1.99 (dd, 11.6, 7.5) 
6' 22.9 2.95, 2.48 (each, dd, 20.1, 13.3) 21.6 2.91, 2.30 (each, dd, 17.7, 6.9) 
7' 168.3 - 170.8 - 
8' 87.7 - 85.2 - 
9' 50.4 2.55 (dd, 12.3, 7.8) 51.02 2.68 (dd, 12.2, 6.8) 
10' 44.9 - 44.6 - 
11' 126.0 - 123.6 - 
12' 170.2 - 170.9 - 
13' 55.2 4.70, 4.44 (each, d, 13.3) 55.3 4.81, 4.76 (each, d, 13.0) 
14' 24.2 0.94 (3H, s) 24.3 0.96 (3H, s) 
15' 70.4 4.40, 4.24 (each, d, 11.3) 70.9 4.16, 3.98 (each, d, 11.1) 
1'' 167.9 - 168.2 - 
2'' 127.9 - 128.2 - 
3'' 139.8 6.85 (ddd, 14.4, 6.3, 2.7) 138.6 6.88 (ddd, 15.3, 6.8, 1.1) 
4'' 14.7 1.82 (3H, d, 6.5) 14.6 1.81 (3H, d, 7.5) 
5'' 12.2 1.81 (3H, s) 12.3 1.84 (3H, s) 
OMe-12 52.6 3.76 (3H, s)   
OMe-8   52.7 3.60 (3H, s) 
OAc-15' 170.6 - 170.5 - 


































Figure 3.11. Selected NOESY correlations and relative stereochemistry for sarcaglabrin B 























Figure 3.12. Experimental and calculated ECD spectra of sarcaglabrin B (23). 
 
3.3.3 Sarcaglabrin C (24) 
Sarcaglabrin C (24), obtained as an optically active white amorphous powder {[]D24  (c 
0.10, MeOH)}, had a molecular formula of C38H44O12 as determined by the HREIMS {m/z 
715.2726 ([M+Na]+, 0.4 mmu)}. The 1D NMR spectra (Table 3.2 and Figure 3.13) 
displayed the signals similar to those of a lindenane sesquiterpene dimer, sarcandrolide D 
(Figure 3.1) [45], except for the existence of the methoxy signal in 24. Key HMBC correlation 
for methoxy protons with C-8 (Figure 3.14) revealed the position of the methoxy group at C-8 

























































Figure 3.14. Selected 1H-1H COSY and HMBC correlations of sarcaglabrin C (24). 
 
The relative configuration of 24 was deduced to be the same as sarcandrolide D by 
resemblance of their 1D NMR and NOESY data (Figure 3.15). Thus, the relative configuration 
































































Figure 3.15. Selected NOESY correlations and relative stereochemistry for sarcaglabrin C 
(24) (protons of methyl groups and substituents at C-13' and C-15' are omitted). 
 
The absolute configuration of sarcaglabrin C (24) was assigned by application of the ECD 
exciton chirality method. The split pattern of Cotton effects {246 nm (Δε 13.08) and 214 nm 
(Δε 28.26)} observed in 24 implied the right-handed helicity between two chromophores of 
,-unsaturated -lactone andconjugated dinone. Therefore, the absolute configuration of 24 
was assigned as shown in Figure 3.16. 
 






Figure 3.16. CD and UV spectra measured in MeOH and the stereoview of sarcaglabrin C 






Phytochemical investigation on the aerial parts of Sarcandra glabra resulted in the isolation 
of 25 terpenoids (22–46), including three new terpenes, sarcaglabrins AC (2224) (Chart 2). 
The structures of sarcaglabrins AC (2224) was elucidated by spectroscopic analysis. 
Sarcaglabrin A (22) is a conjugate of lindenane type sesquiterpene and monoterpene, whereas 
sarcaglabrins B (23) and C (24) are new lindenane type sesquiterpene dimers. A conjugate 
biogenetically related to 22, bolivianine [64], has been isolated from Hedyosmum angustifolium 
(Chloranthaceae). Similar to the proposed biogenetic pathway of bolivianine [65], sarcaglabrin 
A (22) might be generated by intermolecular condensation of chloranthalactone A (26) and a 
monoterpene, -E-ocimene, via Diel-Alder cycloaddition. Moreover, 24 might be also 
generated from two lindenane sesquiterpenes by Diels−Alder reaction as shown in scheme 3.  
 
 




Chart 2. Structures of sarcaglabrins AC (22.  
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Chapter 4 Chemical study on Rhododendron molle (Blume) G. Don 
4.1 Introduction 
Plants belonging to the genus Rhododendron (Ericaceae), comprising 8 subgenera with over 
850 species, are evergreen or less often deciduous shrubs or trees mainly distributed in the 
Northern hemisphere [66]. Although Rhododendron plants cause intoxications, they have been 
used as herbal medicines for the treatments of inflammation, pain, common cold symptoms, 
skin ailments, and gastro-intestinal disorders. Previous chemical investigations of 
Rhododendron plants showed hundreds of secondary metabolites, many of which are flavonoids 
and diterpenes [67]. 
Rhododendron molle (Blume) G. Don (Figure 4.1), a small undershrub distributed around 
south China. R. molle has been used as a traditional medicinal plant for the treatments of 
analgesics, antiinflammatory, rheumatoid arthritis, and insecticides [67,68]. Recent study on 
this plant led to the isolation over 60 specific metabolites, many of which were diterpenes 
(Figure 4.2) [69]. As a part of our investigation on medicinal plants of Guangxi, the stems 
and leaves of R. molle collected in Guangxi was studied to isolate 23 natural products (47–69). 
 
 





Figure 4.2. Previously isolated diterpenes from Rhododendron molle. 
 
4.2 Extraction and isolation 
The MeOH in room temperature extract from the stems and leaves (1.7 kg) of Rhododendron 
molle (Blume) G. Don collected at Guangxi was partitioned with EtOAc and H2O. Repeated 
chromatographic separations of the EtOAc-soluble material (34.8 g) gave 23 compounds, 
including two new glycosides of orsellinic acid, compounds 47 and 48 (Scheme 4). 
 
Scheme 4. Isolation procedure for compounds 47–69. 
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Compounds 49–69 (Figure 4.3) were identified as rhodojaponin III (49) [74], rhodomollein 
XVIII (50) [75], rhodomollein I (51) [76], 2-O-methylrhodomollein XI (52) [77], grayanotoxin 
XVIII (53) [78], grayanotoxin II (54) [79], quercetin-3-O-glucoside (55) [79], quercitrin (56) 
[81], hyperoside (57) [81], ()-epicatechin (58) [82], (+)-catechin (59) [82], proanthocyanidin 
A-2 (60) [83], proanthocyanidin A-6 (61) [84], colosolic acid (62) [85], asiatic acid (63) [86], 
jacoumaric acid (64) [87], oleanolic aldehyde acetate (65) [88], maslinic acid (66) [89], 3-O-
(E)-p-coumaroyl oleanolic acid (67) [90], 3-O-(E)-p-coumaroyl maslinic acid (68) [91], and 3-
O-(Z)-p-coumaroyl oleanolic acid (69) [92] by comparison of their spectroscopic data with the 
literature data. Among these, 4954 are grayanane type diterpenes, 5558 are flavonoids and 
its glycosides, 60 and 61 are proanthocyanidins, and 6267 are triterpenes.  
 
Figure 4.3. Known compounds isolated from R. molle in this study. 
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4.3 Structure elucidation of compounds 47 and 48 
Compounds 47 and 48 were individually isolated as optical active colorless solids {[]24D –
90 (c 0.10, MeOH) for 47; []24D –24 (c 0.10, MeOH) for 48}. Their molecular formulae were 
assigned to be C16H22O9 in light of HRESIMS data (m/z 381.1199 [M+Na]+,  +3.5 mmu for 
47, m/z 381.1119 [M+Na]+,  –4.4 mmu for 48). Detailed analyses of the 1D NMR spectra 
(Figure 4.4 and Table 4.1) of 47 indicated the existence of an orsellinic acid moiety, two 
methoxy groups, and a glucosyl moiety. The absolute configuration of the glucosyl moiety was 
determined to be D according to the literature [93]. HMBC and NOESY analysis confirmed the 
substitution pattern of the orselllinic acid moiety including the position of the methoxy group 
at C-4 (Figure 4.5). The -glycosidic linkage of the D-glucosyl moiety was indicated by the 
coupling constant of the anomeric proton (J = 7.4 Hz). An HMBC correlation for the methoxy 
proton to C-7 showed the existence of a methoxy carbonyl moiety. Accordingly, the structure 
of 47 was assigned as shown.  
 







Figure 4.5. Selected 2D NMR spectra for compound 47 in CD3OD. 
 
Table 4.1. 1H and 13C NMR data for compounds 47 and 48 in CD3OD. 
Position 
47 48 
C H (J in Hz) C H (J in Hz) 
1 118.4 - 118.3 - 
2 139.5 - 139.5 - 
3 111.3 6.50 (d, 2.1) 111.1 6.49 (d, 2.0) 
4 163.1 - 163.1 - 
5 101.4 6.72 (d, 2.1) 102.2 6.72 (d, 2.0) 
6 157.9 - 158.2 - 
7 170.5 - 170.6 - 
8 20.1 2.26 (3H, s) 20.1 2.26 (3H, s) 
4-OMe 55.9 3.79 (3H, s) 55.9 3.79 (3H, s) 
7-OMe 52.6 3.86 (3H, s) 52.6 3.85 (3H, s) 
1' 103.6 4.84 (d, 7.4) 101.6 5.17 (d, 6.9) 
2' 75.0 3.41 (m) 72.2 3.54 (m) 
3' 77.9 3.43 (m) 72.7 4.11 (t, 6.1) 
4' 71.4 3.34 (brs) 68.7 3.55 (dd, 5.7, 2.8) 
5' 78.4 3.41 (m) 76.1 3.83 (dd, 3.8, 2.8) 






The 1H and 13C NMR spectral data (Table 4.1 and Figure 4.6) of 48 were similar to those of 
47 except for the resonances due to the sugar moiety. The sugar moiety of 48 was elucidated as 
-D-allose based on HPLC analysis as well as by the coupling constant of anomeric proton (J = 
6.9 Hz). Therefore, 48 was determined as shown.  
 













Phytochemical investigation on the leaves and stems of R. molle was carried out to give 23 
natural products (47–69), including two new glycosides of orsellinic acid (47 and 48). 47 and 
48 are the first methyl orsellinate with sugar moieties at C-2. Compounds 6162, 6465, 6769 
were isolated from R. molle for the first time. As biological activities of these compounds, an 
intense deterring oviposition activity of Rodojaponin III (49) against various insects [95], high 
cytotoxicity of rhodomolein XVIII (50) [96] and rhodomollein I (51) [97]. 
 
 




Chapter 5 Chemical studies on Phyllanthus urinaria L. and Macrosolen 
cochinchinensis (Lour.) Tiegh. 
5.1 Introduction 
Phyllanthus, a large genus of the family Phyllanthaceae, includes about 800 species widely 
distributed in tropical and subtropical areas. More than 20 species of Phyllanthus plants have 
been traditionally used in various countries [98,99]. Among others, 17 species found in Guangxi 
have been used in Zhuang or Yao medicines for the treatment of jaundice, hepatitis B, and 
painful disorders [100]. Previous phytochemical investigations on Phyllanthus plants resulted 
in the isolations of triterpenes, limonoids, lignans, tannins, coumarins, flavonoids, alkaloids, 
saponins, and phenylpropanoids [101,102]. Among others, phainanolide A, phyllanthoid A, and 
phainanoids A are structurally interesting (Figure 5.2), while englerin A exhibited a selective 
inhibitory effect on renal cancer cell growth [103106].  
In contrast, Macrosolen (Loranthaceae) plants, commonly known as mistletoe, are the aerial 
hemiparasites, which attach to the stems of trees through their haustoria to derive nutrients and 
water [107,108].  
Macrosolen cochinchinensis (Lour.) Tiegh. grows on various host trees belonging to the 
families of Fagaceae, Theaceae, and Moraceae in the montane broadleaved evergreen forests. 
M. cochinchinensis has been used as a herbal medicine for muscle swelling and sprains, bone 
fractures, headaches, postpartum, and cancer in various countries [109,110]. The isolation of 
some flavonoids and triterpenes from this species have been reported (Figure 5.3). 
In our research on the constituents of medicinal plants seen in Guangxi, the aerial parts of 





      
Figure 5.1. Phyllanthus urinaria L (A) and Macrosolen cochinchinensis (Lour.) Tiegh (B). 
 
Figure 5.2 Previously isolated compounds from the Phyllanthus plants. 
 
 




5.2 Extraction and isolation 
The air-dried aerial parts of P. urinaria (2.3 kg) collected in Guangxi were extracted with 
MeOH in room temperature. The MeOH extract (282.6 g) was partitioned with H2O and EtOAc. 
The EtOAc-soluble fraction was further partitioned between n-hexane and 90% MeOH aq. The 
90% MeOH aq.-soluble fraction was finally partitioned between CHCl3 and 60% MeOH aq. 
The CHCl3-soluble fraction (24.2 g) were subjected to column chromatographies repeatedly to 
give seven compounds (72–76). Compounds 70 and 71 were isolated from the 60% MeOH aq.-
soluble fraction (32.5 g) (Scheme 5.1).  
Similarly, the MeOH extract from the aerial parts of M. cochinchinensis (dry, 5 kg) was 
partitioned with EtOAc and water. Repeated chromatographic separations (Scheme 5.2) of the 
EtOAc-soluble material gave six known compounds (7782) (Figure 5.5). 
 
 




Scheme 5.2. Isolation procedure for compounds 77–82. 
 
Structures of compounds 7076 (Figure 5.3) isolated from P. urinaria were identified as 
aquilegiolide (70) [110], menisdaurilide (71) [112], ()-β-sitosterol glucoside (72) [113], 
aurantiamide (73) [114], asperglaucide (74) [114], ()-O-methylcubebin (75) [115], and 
jolkinol B (76) [116]. Compounds 7782 isolated from M. cochinchinensis were identified to 
be lyoniresinol (77) [117], sandaracopimaric acid (78) [118], 3,4-dehydrotheaspirone (79) [119], 
syringic acid (80) [120], 2-hydroxy-3-methoxybenzonic acid (81) [121], and 3-hydroxy-2-


















Seven compounds (7076) were isolated from the aerial parts of Phyllanthus urinaria. 
Compounds 70, 7375 were firstly obtained from this plant. Cytotoxicty of aquilegiolide (70) 
and menisdaurilide (71) [123], and antibacterial activity of methylcubebin (75) [124] were 
reported previously.  
Investigation of the MeOH extract from the aerial parts of M. cochinchinensis afforded six 
known compounds, lyoniresinol (77), sandaracopimaric acid (78), 3,4-dehydrotheaspirone (79), 
syringic acid (80), 2-hydroxy-3-methoxybenzonic acid (81), and 3-hydroxy-2-methoxybenzoic 
acid (82), whose structures were elucidated by comparisons of spectroscopic data with those 
reported in the references. Amoug others, lyoniresinol (77) and 3,4-dehydrotheaspirone (79) 
were firstly isolated from M. cochinchinensis. 3,4-Dehydrotheaspirone (79) was previously 





Chapter 6 Conclusion 
This research focused on searching new specialized metabolites from medicinal plants of 
Guangxi Zhuang autonomous region, China. The chemical constituents of five medicinal plants 
(Munronia pinnata, Sarcandra glabra, Rhododendron molle, Phyllanthus urinaria, and 
Macrosolen cochinchinensis) seen in Guangxi were investigated, resulting in the isolation and 
characterization of nine new limonoids (19), three terpenes (2224), and two new glycosides 
of orsellinic acid (47, 48) together with 68 known natural products. 
From the MeOH extract of Munronia pinnata, nine new limonoids munropins AI (15, 9, 
and 68). The structures of 1–9 were elucidated by detailed analyses of spectroscopic data. 
Munropins A (1) and B (2) are peieurianin type limonoids with novel -lactam moieties at C-
17. Munropins CE (35) and munropins GI (68) are limonoids possessing a prieurianin 
skeleton with either ,-unsaturated -lactone, acetyl, acetoxyacetyl, 3,4-dihydroxy-2,5-
dimethoxytetrahydrofuran, -substituted -hydroxy-,-unsaturated -lactone, and -
substituted -hydroxy-,-unsaturated -butenolactone moieties at C-17, respectively. 
Munropin F (9) was assigned as a nimbolinin limonoid. Munropins A (1) and B (2) are rare 
natural products with lactam moieties from plants. Three new terpenoids, sarcaglabrins AC 
(2224), were isolated from the aerial parts of S. glabra. Sarcaglabrin A (22) is a conjugate of 
lindenane type sesquiterpene and monoterpene possessing a unique 3/5/6/6/5 pentacyclic ring 
system. Sarcaglabrins B (23) and C (24) are new lindenane type sesquiterpene dimers. 
Phytochemical study on the MeOH extract of Macrosolen cochinchinensis gave two new 
glycosides of orsellinic acid (47 and 48).  
Thus, the medicinal plants of Guangxi Zhuang autonomous region were shown as a rich 
source of new specialized metabolites. However, huge number of the medicinal plants still 





Chapter 7 Experimental Section 
7.1 General experimental procedures 
Optical rotations were measured by a JASCO P-2200 digital polarimeter. UV, ECD, and IR 
spectra were recorded on a Hitachi U-3900H, a JASCO J-1500, and a JASCO FT-IR-6200 
spectrophotometers, respectively. NMR spectra were measured by a Bruker AVANCE-500 
instrument. The resonances of residual chloroform (H 7.26 and C 77.2) and methanol (H 3.30 
and C 49.0) were used as internal references for 1H and 13C NMR chemical shifts, respectively. 
HRESIMS were recorded on a Waters LCT PREMIER 2695. Column chromatography was 
performed with silica gel 60N (63-210 m, Kanto Chemical), MCI gel CHP-20P (75-150 m, 
Mitsubishi Chemical), YMC gel ODS-A (S-50 m, YMC Co., Ltd.), and Sephadex LH-20 (25-
100 µm, GE Health Care). HPLC was performed on Asahipak GS-310 2G (GPC SHOWA 
DENKO), COSMOSIL 5C18-AR-II (5 µm, 20×250 mm), and COSMOSIL 5C18-MS-II (5 µm, 
20250 mm).  
 
7.2 Experimental procedure of chapter 2 
7.2.1 Plant material 
Aerial parts of Munronia pinnata (Wall.) W. Theob. was collected at Jingxi, Guangxi Zhuang 
Autonomous Region, China, in May, 2017. A voucher specimen (17-JG-001) was deposited at 
the herbarium of Graduate School of Pharmaceutical Sciences, Tokushima University. 
 
7.2.2 Extraction and isolation 
The dried aerial parts of M. pinnata (1.64 kg) were extracted with MeOH (3 L) for three 
times at room temperature to give the extract (111.4 g), which was partitioned with EtOAc and 
water. The EtOAc-soluble material (34.2 g) was subjected to passage over a silica gel column, 




Fr. 5 was separated by MCI gel CHP20P column chromatography (MeOH) to give six 
fractions (frs. 5.1−5.6). Fr. 5.2 was subjected to YMC gel ODS-A column chromatography 
(H2O/MeOH) to afford seven fractions (frs. 5.2.15.2.7). Fr. 5.2.4 was purified by silica gel 
column (CHCl3/MeOH) to yield methyl-ent-4-epi-agath-18-oate (14, 13.1 mg).  
Fr. 7 was separated by MCI gel CHP20P column chromatography (MeOH) to give 11 
fractions (frs. 7.1−7.11). Fr. 7.4 was loaded on a silica gel column to afford six fractions (frs. 
7.4.17.4.6). Fr. 7.4.2 further purified by ODS HPLC (MeCN/H2O) to give piscidinol B (15, 
11.8 mg), bourjotinolone A (16, 3.2 mg), lanost-7-ene-3,24,25-triol (17, 25.6 mg), 2β,3β,4β-
trihydroxypregna-16-one (18, 8.0 mg), and 7-oxo-stigmasterol (19, 12.3 mg). Fr. 7.4.5 was 
purified by ODS HPLC (MeCN/H2O) to give 5,8-epidioxy-24-methylcholesta-6,22-dien-
3-ol (20, 4.9 mg). Fr. 7.5 was separated by YMC gel ODS-A column (H2O/MeOH) to yield 
six fractions (frs. 7.5.17.5.6). Stigmast-4-ene-3,6-diol (21, 9.9 mg) was isolated from fr. 
7.5.2 by ODS HPLC (MeCN/H2O).  
Fr. 11 was separated by MCI gel CHP20P column chromatography (MeOH) to give five 
fractions (frs. 11.1−11.5). Fr. 11.1 was subjected to GPC on HPLC (MeOH) to afford seven 
fractions (frs. 11.1.1−11.1.7). Fr. 11.1.1 was purified by ODS HPLC (30% MeCN aq.) to give 
munropins C (3, 1.5 mg), D (4, 1.5 mg), and E (5, 3.6 mg), together with munronoid O (12, 0.8 
mg). Fr 11.1.3 was separated by ODS HPLC to give munropin G (6, 3.2 mg) and ()-
sandaracopimaradiene (13, 22.0 mg). Munropins H (7, 2.5 mg) and I (8, 2.3 mg) were obtained 
from fr. 11.1.5 by ODS HPLC (35% MeCN aq.). Fr. 11.1.4 also was purified by ODS HPLC 
(30% MeCN aq.) to afford munronins C (10, 35.6 mg) and F (11, 52.3 mg). 
Fr. 12 was separated by MCI gel CHP20P column chromatography (MeOH) to give six 
fractions (frs. 12.1−12.6). Fr. 12.1 was subjected to GPC on HPLC (MeOH) to yield five 
fractions (frs. 12.1.1−12.1.5). Fr. 12.1.2 was purified by ODS HPLC (20% MeCN aq.) to 
furnish munropins A (1, 8.6 mg) and B (2, 8.4 mg). Purification of fr. 12.1.3 by ODS HPLC 
(20% MeCN aq.) gave munropin F (9, 3.9 mg). 
 
7.2.3 Munropin A (1) 
Colorless solid; []D21 +82 (c 0.10, MeOH); UV (MeOH) max (log ) 209 (4.2) nm; IR 
(KBr) max 3430, 2956, 1748, and 1689 cm1; CD (MeOH)  (nm) +8.55 (220) and +6.13 
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(247); 1H and 13C NMR data (Table 2.1); HRESIMS m/z 608.2493 [M+Na]+ (calcd for 
C31H39NO10Na, 608.2472).  
 
7.2.4 Munropin B (2) 
Colorless solid; []D21 +111 (c 0.10, MeOH); UV (MeOH) max (log ) 210 (4.4) nm; IR 
(KBr) max 3426, 2955, 1747, and 1686 cm1; CD (MeOH)  (nm) +9.02 (219) and +7.67 
(247); 1H and 13C NMR data (Table 2.1); HRESIMS m/z 652.2722 [M+Na]+ (calcd for 
C33H43NO11Na, 652.2734). 
 
7.2.5 Munropin C (3)  
Colorless solid; []D21 +135 (c 0.10, MeOH); UV (MeOH) max (log ) 212 (4.2) nm; IR (KBr) 
max 3430, 2956, 1748, and 1689 cm1; CD (MeOH)  (nm) +8.36 (220) and +5.62 (246); 1H 
and 13C NMR data (Table 2.2); HRESIMS m/z 609.2285 [M+Na]+ (calcd for C31H38O11Na, 
609.2312). 
 
7.2.6 Munropin D (4) 
Colorless solid; []D21 +79 (c 0.10, MeOH); UV (MeOH) max (log ) 211 (4.2) nm; IR (KBr) 
max 3454, 2956, 1750, 1703, and 1639 cm1; CD (MeOH)  (nm) +7.82 (216) and +6.65 (248); 
1H and 13C NMR data (Table 2.2); HRESIMS m/z 569.2340 [M+Na]+ (calcd for C29H38O10Na, 
569.2363). 
 
7.2.7 Munropin E (5) 
Colorless solid; []D21 +52 (c 0.10, MeOH); UV (MeOH) max (log ) 209 (3.8) nm; IR 
(KBr) max 3443, 2954, 1740, and 1633 cm1; CD (MeOH)  (nm) +5.48 (220), +6.86 (246), 
and –1.13 (293); 1H and 13C NMR data (Table 2.2); HRESIMS m/z 585.2314 [M+Na]+ (calcd 






7.2.8 Munropin G (6) 
Colorless solid; []D21 +22 (c 0.10, MeOH); UV (MeOH) max (log ) 210 (4.1) nm; CD 
(MeOH)  (nm) +4.13 (226) and +4.56 (246); 1H and 13C NMR data (Table 2.3); HRESIMS 
m/z 689.2756 [M+Na]+ (calcd for C33H46O14Na, 689.2785). 
 
7.2.9 Munropin H (7) 
Colorless solid; []D21 148 (c 0.10, MeOH); UV (MeOH) max (log ) 209 (4.6) nm; CD 
(MeOH)  (nm) +10.29 (202) and +3.28 (252); 1H and 13C NMR data (Table 2.4); HRESIMS 
m/z 741.2703 [M+Na]+ (calcd for C36H46O15Na, 741.2734). 
 
7.2.10 Munropin I (8) 
Colorless solid; []D21 127 (c 0.10, MeOH); UV (MeOH) max (log ) 210 (4.9) nm; CD 
(MeOH)  (nm) +12.66 (208) and +11.84 (248); 1H and 13C NMR data (Table 2.4); HRESIMS 
m/z 741.2724 [M+Na]+ (calcd for C36H46O15Na, 741.2734). 
 
7.2.11 Munropin F (9) 
Colorless solid; []D21 +27 (c 0.10, MeOH); UV (MeOH) max (log ) 206 (4.3) nm; IR 
(KBr)max 3439, 2955, 1737, and 1642 cm1; CD (MeOH)  (nm) +8.96 (208) and +2.72 
(244); 1H and 13C NMR data (Table 2.5); HRESIMS m/z 639.2766 [M+Na]+ (calcd for 
C33H44O11Na, 639.2781). 
 
7.2.12 Calculation of ECD spectra of 1 and 3-5. 
Conformational searches and DFT calculations were carried out on Spartan 18 program 
(Wavefunction Inc., Irvine, CA.) and Gaussian 09 program [125], respectively. A possible 
enantiomer of munropin A (5R,9R,10R,11R,12R,13R,14S,15R,17R-1) was submitted to 
conformational search at the Molecular Mechanics (MMFF) to give six initial conformers, 
which were further optimized by DFT calculations at the B3LYP/6-31G(d) level. The stable 
conformers with Boltzmann distributions over 1% were subjected to TDDFT calculations at the 
CAM-B3LYP/6-31G+(d) level in the presence of MeOH with a polarizable continuum model. 
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The resultant rotatory strengths of the lowest 30 excited states for each conformer were 
converted into Gaussian-type curves with half-bands (0.3 eV) using SpecDis v1.61 [126]. The 
calculated ECD spectrum of 5R,9R,10R,11R,12R,13R,14S,15R,17R-1 was composed after 
correction based on the Boltzmann distribution of the stable conformers. Accordingly, the 
possible enantiomers (5R,9R,10R,11R,12R,13R,14S,15R,17R) of munropin CE (35) were 
calculated in the same manner as 1. 
 
7.2.13 Evaluation of cytotoxicity 
The human cancer cell lines (HeLa and A549) were cultured in DMEM supplemented with 
5% FBS. All cells were incubated at 37 oC in a humidified atmosphere with 5% CO2–95% air. 
Cells were seeded at 1 x 104 cells/well in a 96-well plate and preincubated for 24 h. Test samples 
were dissolved in small amounts of DMSO and diluted in the appropriate culture medium (final 
concentration of DMSO <1%). After removal of preincubated culture medium, 100 L of 
medium containing various concentrations of test compound was added and further incubated 
for 48h. A cell proliferation assay was performed with the Cell Counting Kit-8 (WST-8; 
Dojindo, Japan) according to the manufacturer’s instruction. Briefly, the WST-8 reagent 
solution (10 µL) was added to each well of a 96 well microplate containing 100 µL of cells in 
the culture medium at various densities, and the plate incubated for 2 h at 37°C. Absorbance 
was measured at 450 nm using a microplate reader.  
 
7.3 Experimental procedure of chapter 3 
7.3.1 Plant material 
Aerial parts of Sarcandra glabra (Thunb.) Nakai were collected at Gongcheng, Guangxi 
Zhuang Autonomous Region, China in September 2018. A voucher specimen (18-JG-014) was 







7.3.2 Extraction and isolation 
The air-dried aerial parts of S. glabra (3.1 kg) were extracted with MeOH to give the extract 
(304.1 g), which was partitioned between EtOAc and H2O. The EtOAc-soluble material (93.3 
g) was subjected to MCI gel CHP-20P (MeOH/H2O) to give 8 fractions.  
Fr. 3 was separated by a silica gel column (CHCl3/MeOH) to afford seven fractions (frs. 
3.17). Fr. 3.2 was subjected to silica gel (n-hexane /EtOAc) column chromatography to give 
chloranthalactone E (31, 250 mg) and five fractions (fr. 3.2.1fr. 3.2.5). Fr. 3.2.4 was purified 
by ODS HPLC (45% MeCN aq.) to yield sarcaglabrins B (23, 5.5 mg), and C (24, 5.1 mg), 
together with sarglabolide E (41, 3.6 mg). Fr. 3.6 was separated by ODS HPLC (31% MeCN 
aq.) to afford chlorahololide D (36, 30.4 mg) and henriol B (43, 17.6 mg).  
Fractionation of fr. 4 by Sephadex LH-20 (MeOH/H2O) column chromatography gave ten 
fractions (frs. 4.14.10). Purifications of fr. 4.3, and fr. 4.64.7 by ODS HPLC (35-65% MeCN 
aq.) afforded shizukanolide H (33, 23.0 mg), shizukaol C (34, 29.0 mg), chloramultiol D (44, 
12.0 mg), multistalide B (37, 77.1 mg), shizukaol G (38, 5.6 mg), sarglabolide B (39, 21.0 mg), 
and sarglabolide C (40, 117.9 mg).  
Fr. 5 was separated by a silica column (n-hexane/EtOAc) to afford seven fractions (fr. 
5.15.7). Fr. 5.3 was further subjected to GPC on HPLC to give chloranthalactone A (26, 315.9 
mg) as well as seven fractons (fr. 5.3.15.3.7). Fr. 5.3.3 was purified by ODS HPLC (35% 
MeCN aq.) to afford chloranthalactone B (27, 4.6 mg), chloranthalactone A photodimer (28, 
3.1 mg), chlorajapolide F (29, 1.4 mg), and 8-epi-chlorajapolide F (30, 10.1 mg). Fr. 5.5 was 
loaded to YMC gel ODS-A column chromatography (MeOH/H2O) to yield six fractions (fr. 
5.5.15.5.6). Fr. 5.5.3 was purified by ODS HPLC (65% MeCN aq.) to give sarglaperoxide A 
(25, 1.1 mg) and chloranthalactone C (32, 256.3 mg). Fr. 5.6 was separated by a silica gel 
column (CHCl3/MeOH) to afford five fractions (fr. 5.6.15.6.5). Fr. 5.6.4 was subjected to GPC 
on HPLC (MeOH) to give four fractions (fr. 5.6.4.15.6.4.4). Fr. 5.6.4.3 was purified by ODS 
HPLC (30% MeCN aq.) to give shizukaol D (35, 148.5 mg), spicachlorantin E (42, 14.9 mg), 
sarcandrolide F (45, 2.7 mg), and chloramultilide A (46, 13.1 mg).  
Fr. 6 was separated by silica gel column chromatography (CHCl3/MeOH) to give five 
fractions (frs. 6.16.5). Fr. 6.2 was purified by ODS HPLC (70% MeCN aq.) to yield 




7.3.3 Sarcaglabrin A (22) 
Colorless solid; []D24 26 (c 0.10, MeOH); UV (MeOH) max (log ) 210 (4.4) nm; IR 
(KBr) max 2924, 1749, and 1591 cm1; CD (MeOH)  (nm) 38.83 (202), 13.18 (228), and 
2.17 (256); 1H and 13C NMR data (Table 3.1); HRESIMS m/z 403.2028 [M+K]+ (calcd for 
C25H32O2K, 403.2039). 
 
7.3.4 Sarcaglabrin B (23) 
Colorless solid; []D24 68 (c 0.10, MeOH); UV (MeOH) max (log ) 210 (4.4) nm; IR 
(KBr) max 3414, 2923, 1752, and 1594 cm1; CD (MeOH)  (nm) 1.89 (204), 1.58 (219), 
0.56 (265), and –1.45 (292); 1H and 13C NMR data (Table 3.2); HRESIMS m/z 715.2721 
[M+Na]+ (calcd for C38H44O12Na, 715.2730). 
 
7.3.5 Sarcaglabrin C (24) 
Colorless solid; []D24 23 (c 0.10, MeOH); UV (MeOH) max (log ) 220 (4.3) nm; IR 
(KBr) max 3418, 2925, 1758, 1735 and 1593 cm1;CD (MeOH)  (nm) 28.26 (214), +13.08 
(246), and +20.49 (274); 1H and 13C NMR data (Table 3.2); HRESIMS m/z 715.2726 [M+Na]+ 
(calcd for C38H44O12Na, 715.2730). 
 
7.3.6 Calculation of ECD sarcaglabrins A (22) and B (23) 
The ECD spectrum of a possible enantiomers of sarcaglabrin A (1R,3S,5S,8R,9S,10S,19S-22) 
and sarcaglabrin B (1R,3S,4S,7R,9R,10S,1'R,3'S,4'S,5'S,8'S,9'S,10'S-23) were calculated in the 
same manner as described as 1. 
 
7.4 Experimental procedure of chapter 4 
7.4.1 Plant material 
The stems and leaves of Rhododendron molle (Blume) G. Don were collected at Gongcheng, 
Guangxi Zhuang Autonomous Region, China in June 2018. A voucher specimen (18-JG-013) 
66 
 
was deposited on the herbarium of Graduate School of Pharmaceutical Sciences, Tokushima 
University. 
 
7.4.2 Extraction and isolation 
The stems of R. molle (1.1 kg) were extracted with MeOH at room temperature to give the 
extract (49.1 g), which was partitioned between EtOAc and H2O. The EtOAc-soluble-material 
(17.7 g) was subjected to repeated column chromatographies as shown in Scheme 8.1, resulting 
in the isolation of 15 compounds (4749, 51, 5461, 65, 67, 69). In contrast, the leaves of R. 
molle (1.1 kg) were preformed same as the isolation scheme of the stems to afford 8 compounds 
(50, 52, 53, 6264, 66, 68) (Scheme 8.2). 
 
 





Scheme 8.2. Isolation scheme for the leaves of R. molle. 
 
7.4.3 Compound 47 
Colorless solid; []D21 90 (c 0.10, MeOH); UV (MeOH) max (log ) 246 (4.14) nm; 1H 
and 13C NMR data (Table 4.1); HRESIMS m/z 381.1199 [M+Na]+ (calcd for C16H22O9Na, 
381.1162). 
 
7.4.4 Compound 48 
Colorless solid; []D21 24 (c 0.10, MeOH); UV (MeOH) max (log ) 246 (3.73) nm; 1H 
and 13C NMR data (Table 4.1); HRESIMS m/z 381.1118 [M+Na]+ (calcd for C16H22O9Na, 
381.1162). 
 
7.4.5 Identification of sugar moieties of 47 and 48 
Compound 47 (0.5 mg) was treated with 1M HCl (2.5 mL) at 80 °C for 2 h. The reaction 
mixture was neutralized by 1M NaOH and evaporated to afford a residue. The residue and L-
cysteine methyl ester hydrochloride (2.5 mg) was dissolved in pyridine (0.5 mL) and heated at 
60 °C for 1 h, and then o-tolylisothiocyanate (50 μL) was added to the mixture and heated at 
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60 °C for 1 h. HPLC analysis of the reaction mixture [COSMOSIL 5C18-AR-II (4.6 i.d. × 250 
mm); CH3CN/50 mM H3PO4 aq. (25:75), flow rate 1 mL/min, UV dection 254 nm, column 
temperature 35 °C] gave a peak at tR 17.1 min, which was identical to that of the derivative 
from authentic D-glucose prepared by the same procedure. In similar manner described above, 
the sugar moiety of 48 was confirmed to be D-allose (tR 65.5 min).  
 
7.5 Experimental procedure of chapter 5 
7.5.1 Plant materials  
Aerial parts of Phyllanthus urinaria L. and Macrosolen cochinchinensis (Lour.) Tiegh were 
collected at Guilin, Guangxi Zhuang Autonomous Region, China, in February, 2017. the 
voucher specimen (17-JG-010 and 17-JG-011) was deposited at the herbarium of Graduate 
School of Pharmaceutical Sciences, Tokushima University. 
 
7.5.2 Extraction and isolation  
The air-dried aerial parts of P. urinaria (2.3 kg) were extracted with MeOH (5 L) for three 
times at room temperature to give the extract (394.2 g), which was partitioned with n-hexane 
and 90% MeOH aq. The 90% MeOH-soluble material (34.2 g) was partitioned with CHCl3 and 
60% MeOH aq. The CHCl3-soluble material (24.2 g) was subjected to column 
chromatographies to give known compounds 70, 73-76, while compounds 71 and 72 were 
isolated from the 60% MeOH-soluble material (72 g) (Scheme 9.1). 
Similarly, the air-dried aerial parts (5.0 kg) of M. cochinchinensis were extracted with 
methanol at room temperature to give the extract (132.7 g), which was partitioned with EtOAc 
and water. The H2O-soluble material (43.5 g) was partitioned with n-BuOH and H2O. The 
EtOAc-soluble material (23.8 g) was subjected to column chromatographies to give six known 





Scheme 9.1. Isolation scheme for the aerial parts of P. urinaria.  
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